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INTRODUCTION 

The object of this work is to cover a. field not before set forth in 
any book to the knowledge of the writers, namely, the calculation 
of frog-work and special curves for use in the shop. Many problems 
on curves have been omitted (hat are not pertinent to this work, but, 
on (he other hand, many new ones are set forth, and some of the old 
ones with Ihe methods changed. 

In the problems on "clearance curves" approximate methods are 
used, as exact figuring would be long and laborious without the 
results being any more useful. 

The subject of transition curves is not a new one, nor is the par- 
ticular spiral treated in this book new, but the treatment and tables 
are quite different from otheis and the spiral is made fiexible, some- 
thing hitherto lacking. 

The tables on the reduction of inches to decimals of a foot, middle 
ordinales of ten-foot chords, railroad curves and chords, may be 
found in many "Pocket Books," but are iiere introduced for the 
saving of lime to the user. "Logarithms in Common Use" will 
save turnic^ many pi^es, and the "Table (or Laying Curves" was 
designed for shop assembly use. Other tables are eiplained in the 
text. 

In making calculations for special work it is well to follow a gen- 
eral system, not only for one's convenience while making the calcu- 
lation, but also for future reference. Such a system is the placing 
on the paper of the different parts of the whole calculation, that one 
may immediately find the part required. Do not be tied to \og- 
arithms, use natural functions, slide rule, tables for squares, etc., 
as the occasion may find easiest. 

SLIDE RULE 

It is surprising what a small number of calculators habitually use 
the Mannheim slide rule. In making computations where the result 
sought b in four or less places of, digits, for approximate values and 
for checking, Ihe slide rule b one of the handiest inventions and an 
incalculable amount of time may be saved by making use of it. For 
the benefit of those who are not familiar with it, a few words will 
explain the principle and method of operation. 

Place two similarly divided rules side by side so that they read 
from zero in the same direction; to add three and five, move the zero 
of the lower rule to the three of the upper, and opposite the five of 
the lower will be found eight on the upper rule. Now in multiply- 
ii^ two numbers by the use of logs, we add the logs of the num- " 
bers and look up the number opposite the sum of the Ic^s ior g 
product. Say we wish to multiply three by five: ,_ *jr 

2IG648 .n,.,.c„o;![; 
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Log 3 - -477 
Log 5 = .699 
Log 15 = 1.176 

We could have added the ,477 and .699 on the rules as before and 

obtained i.i76; but, if 3, 5, and 1$ had been marked against the dis- 
tances -477, .699, and i.it6 respectively on Ihe rules, the product 
would have been obtained immediately. This is (he principle of 
the slide rule: Ihe figures on the rule correspond with the logarith- 
mic distances and thus the adding the logarithmic distances mul- 
tiplies the indicated figures. 

On the slide rule the numbers on the lower side run from j to 10, 
and on the upper side from 1 to 100, or from t to 10, and repeat so 
that the space from i lo 10 on the upper side is half the space from 
I to 10 on the lower side. Since, when the log of a number is mul- 
tiplied by two the log of the square of (he number is obtained, the 
numbers on the upper side of the rule are squares of the numbers 
opposite on the lower side. In taking the square root of a number 
on the rule note if there are an even or an odd number of digits to 
the left of the decimal point, for the square root of 36, for instance, 
contains different digits than the square root of 360. For an odd 
number of digits use Ihe left-hand half of rule, or from i lo 10, and 
for an even number of digits use the r^ht half, or from 10 to 100. 
This same principle is true in fixing the position of Che decimal in 
multiplying and dividing, for when two numbers are multiplied the 
product contains as many, or one less than as many, digits as the two 
numbers together contain; for example, to multiply 3760 by 81,407 
set the end of the slide on 37,6, Ihe indicalor on 8.141 of the slide, 
and read 3.06 on Ihe rule. Now the sum of the digils of the two 
numbers is 9. and since the result comes odd the result must be 
306,000,000. In using the lower side of the rule, when the result 
has the same number of digits as the sum of the d^its in the two 
numbers the slide projects to the left, if one less d^il il projects to 
the right. Either end of the slide may be used in setting and at any 
time the ends of the slide may be changed by moving the indicator 
to one end of the slide and then moving the other end to Ihe Indicator. 
In selecting the slide rule be sure that one side of the slide gives 
trigonometric functions (sines and tangents). If the slide is reversed 
the process is the same as for numbers; if the slide is not reversed, 
lo multiply by Ihe sine set the sine on the mark on the under side of 
the rule and on the upper half of rule opposite the number read the 
result on the slide; to divide by the sine, set the sine as before and 
opposite the number on the slide read the result on the rule; to divide 
a number by a number and obtain the sine, set the dividend on (he 
slide opposite the divisor on the rule and read the sine at the mark. 
Tangents cannot be worked this way. Tangents smaller than 5" 
43' are not given, but small tangents and sines vary so little (hat 
les of small angles may be used for tangents. To multiply a num- 
fcilX a tangent of an angle greater than 45° divide the number bj 
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SLIDE RULE vii 

the tangent of Ihe complement of the angle. For the cosine use 
the sine ot the complement of the angle. 

To divide one number by another and obtain the sine or tangent 
of an angle when the slide is reversed, set the indicator on Che divi- 
dend, the end of the slide on the divisor, and read the angle on the 
slide at the indicator. 

To multiply a number by the sine of a laige angle. As the divi- 
sions of the sines are hard to read closely near 90°, it is better to 
make a correction (o the number by maiing use of the following 
formula: 

Sin A = cos {90° - ,1) - 1 - vers (go" - A) ^ 

I - 2 sin' Hg^-A) (I) 

It will be found convenient to make a mark on the slide in the Bine 
divisions opposite the two on the rule for use in this calculatioD. 
To divide a number by the sine of a large angle: 

T^- cosec .4 - sec. (gcP ~ A) = i + eisec (gcf - -4) - 

1 + tan (go" - .4) tan J (90= - A) . . . . (3) 



A = 6 + -T + . . . and & - h (3) 

If a is small in comparison with b and ft, these two fonnulie give, 
results very close. 

To obtain circular arcs, make a mark on the slide at 57.30. Re- 
ducing any minutes to decimals of a degree, set the mark al the 
radial length on the rule and opposite the number of degrees taken 
on the slide read the length of arc on the rule. 

If J? is the radius, c — chord and - arc in a flat arc. Let y - 
middle ordinate. 



;sume an indefinitely small a: 
late, dy. These quantities ci 
" »f (3)- 
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SubstiCutLi^ the value of dy first found. 
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Integrating, 

" " '^ + ^T^ (apptox.) (4) 

Calling tlie lia.lf cliord or sine, S, and calling a the arc apposite 5, 

we may write from (4) a = S + T~oi '^"' ^^'^ would apply only to 

Sat arcs. For any arc the equation becomes 



n which £ is a quantity varying with the angle of the a 



.(5) 



Angle S 


n = ^ 


K 


Ansk Si 


n_^ 


K 


Angle S 


"-1 


K 


3° 




6.00 






^.8!. 






s-ss 




ob7 


s-os 




.70 


S-79 


24 


407 


S-S4 






s.oo 


17 


lya 










9 


1S6 


593 






5-74 




418 


,.40 




mi 


5-90 


19 




S'7' 


27 


4';4 


5-42 




30H 


S.8S 






<;.68 






V.8 


13 


ail 


s-so 




1S8 


,.6s 


29 


4^=; 


5-34 


14 


242 




33 


375 


5.6. 


3° 


500 


5.30 



To use this formula on the slide rule, on Ihe lower side divide S 
by R, which, when transferred to the upper side, is r^, move the 

indicator to 5 on tlie slide on the upper half and we have — ; at 

the end of the slide on lower side read — -^ sin ^, in the table 

opposite — read K, set K on the slide at the indicator and at the 

end of the slide read ^^^^ which, added lo S, gives a. 

It will be found convenient to make marks on the lower side of 
rule under the regular divisions at 1.39, i.Qt, 2.33, 2.70, 3.31, 
4.13, 4.63, and 5.00, marking numbers at these marks respect- 
«,9S, s.go, 5.85, 5.80, 5.70, 5.60, S.50, 5.40, and 5.30. This 
' ; necessity of referring to the table. 
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When three sides 
Tan 



e the formula for the half tangents. 



, / (S - t) (5 - t) _ _!_ / |j - .) (; 

5-6 V 



.) (S - t) (5 - 



/ (» - J) (5 - t) (. 



The quantity under the radical is a constant for the fonnuUe. 
Given a = 175.4", 6 = '02.3SS. = = 77-3SS- 



77-355 

' )355."^ 

colog 177-56' = 7-7506535 

log =.149 - 0.3223364 

log 75.206 = 1.8762525 

log L00.306 " 3.0008938 

2) 1.9600352 

0.9800176 

colog 2,149 — 9.6677636 

" 75.206 = 8.123747s 

" 100.206 — 7.999106^ 
77° 19' 07' 0.6477812 
7 14 14 9-I03765' 
5 36 39 8.9791138 



The formula, a' = b^ + c' — 2 be cos A, is of no great value in 
actual computation, but is useful in working out problems, as will 
be seen later. It is well to remember that cos. (180° ~ A) ^ — cos. 
A, and where this happens the formula becomes o* = ft' + «' + 

To figure circular arcs, add the log. of the number of seconds in 



s second. For e; 



t5°42'37' - 56557 
log 56557 = 4-7524864 
•' arc i' - 4-6855749 
5° 42" 37' = 9-4380613 




Bnihns' and in Vega's tables a 



CURVES 3 

found the reduction of degrees and minutes to seconds, but it is more 
convenient to ni£ir)[ in red ink the degrees and minutes opposite its 
value in seconds tor each minute in the margin of the book. There 
will be a different minute every sixth line; thus eveiy line is opposite 
an even ten seconds and the odd seconds are found in the columns. 
For example, opposite 3000 mark 8° lo", at 3006 mark 8° ai', at 
3011 mark 8° as', etc. The time thus expended will be found to be 
well spent. It will be found that the main body of the table runs 
from 3° 46* 40* to 37° 46' 40*. When the arc of an angle outside 
these limits is required, divide or multiply the angle by 10 and add 
or subtract one to the characteristic of bg arc i'; as, 
10 )46° 13' 30* 
log arc 4 38 21 - 4-^227425 

5.6855749 
log arc 46° 33' 30* = 9.9083174 

It is well to keep the plot along with the calculations, as it serves 
to show what further computations are necessary. The figures must 
at once be put on the plot, and scaling is a good check on the calcu- 
lations. The slide rule should be constantly used in checking. 

Plot all angles from the table of chords. 

CURVES 



f f—c- 



I. (Fig. a) i - fi tan J O (6) 

3. it - ( cot 1 O (7) 

3. fi = '- cosec i O (8) 

A-R'i^io •••,-•- 
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lO. (Fig. 5) To pass a circul 
C, and tangent to a given line, 


r curve through two FUints, D anti 
TS. 
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Figure the dbtance AB = a, and the offsets AD = b and BC - e. 
Let TA^x. 


F.on,.;,«-^^+*-'* + ")V^ 




{c-b)x'- 3alix-bc'+ a'b-h'c 





^T-v/^^H^FW'. 



. (Fig. 6) To pass a circular curve tangent to a straight line, 
at a given point, A, and tangent to a given curve. Let C be 
:enter of the given curve and CB = r, its radius. 
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Case i. Where the given line is outside the given curve uid 
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Case 3. (Fig. 8) Where the given line cuts the given curve. 



HxH 


a' 







F^ute the co-ordinates CD — a and DA = b. 
It will be seen in the figure that there are four sections. 
In section a, FS ^ a - R. CF ^ b, and CS ~ r - R. 
By the same reasoning as before, 



r, FS" - fl + R, Cf = 6, and CS' ■ 



k 
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ji (F^. 9) To pass a circular 
AD, and Ungent to a given curve 

Let C be the center of 
the given curve and VO 
^ r, its radius. 

Let S = lie radius of 
the curve sought. 

Case i. — Where the 

eiven line is outside the 

liven curve and the 

curves do not reverse. 

Fiaure CD = a, 

and EB - c 

r- a + e 

versBCJ? ; 

AOB~ BCD 




n COH 
ain COH = cos BCD = 
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F^reCD- 


a, DE - b, and EB - c. 


Section o. 


vers BCD -^^-' 




^ - vers BSA 
BSA - BCD 




DA^ir- R) sin BCD 


Section b. 


COS. BCD = 2^^ 




<: = K + J? cos S-BE 
S'BE = BCD 




DA' = (r + fi) sin BCD 


Section c. 


cos B-CD = 2_L£ 




c = fi (I + cos B'5^) 
180- - B'S'A = B'CD 




^-r^Z^c 


Section d. 


ere B'CD - '—^-^ 




B'S-A' - B'CD 
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13- (Fig- 13) To pass a circular curve of a, given radius, R, tan- 
line, AD, and tangent to another given curve whose 
C is fixed in relation to the given line. 




Figure the ordinate CD ^ a. OC -^ R - r. 
Swing the curve of radius R — r to intersect OA at K. 
FK-a-T 



AD - (r- R) sin AOB 
Case j. {Fig. 13) Where the given line is outside the fiied ci 
and the i 
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Figure DC '^ a 

Section a. cos BSA = sin PCS 

,:„ prs - ^ i^^ 

sm FCS ^ ^^ = ^ _ ^ 

/ID ^(r- R) coiFCS 
Section 6. cos BS'A' = sin F'C^ - ^-TTg . 

A'D = {r+ R) cos P'CS' 
Section c. cos B'5'^ - sin FCS' - ^^-^ 
/ID - (r-fl) cos PCS' 
Section rf. cos B'^'M' - sin f C5"' - ~^ 
A'D ^(r + R) cos F'C5" 




le drawn tangent through 



e tangent to a given circle and 




Let O be the center of the given circle with ils radius OT — r, 
and A and B be the two points and C the point midway between A 
and S on a line drawn through them. 

Produce BA to D and draw OD at right angles with AB. Figure 
OD = a and DC = b. 

From problem ii, Case i, the radius, R', of a curve tangent to 
the given curve, and tangent to AB at C, is 

*' - riJTTj + ^ 

Assuming that the required radius, R, will not vary much in length 

from the radius R' we can write the middle ordinate CF -'— — m. 
iR' 
Using problem ii again we may write 



2 (fl 



m) 



With this value o£ff figure the value of m again; if there is no vari- 
ation from the lirst value of m obtained, then R is the required radius; 
if there is a variation in it, then figure R again. 
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Case i.^When the line is oulside Ihe given curve. Let O be 
the center of Ihe given curve, whose radius OF = r, KD be the given 
line, and A be the given point. 
Figure AB ^ a, CF = OC - r =- i, and CB - c. 
LetTB ^x 

OO = R - r 
ES^TC^x-c 
OF '=b 

From (17) ff = — + - 



a the second, and 



from which x may be found. R is found from the first equation 



Being a quadratic equation two values of x are obtained. The 
minus value is for a curve tangent to the given curve on the side 
Kiward K. 

If the point is at A' instead of at A the equation becomes 
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Case a. (Fig. i8) 


When the line cuts 


the given 
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Fig. i8 
Figure AB = a, CF ^ b, and CB = 
het TB -X 





17. (Fig. 19) To pass a circular curve tangent (o a given line and 



iwo gl.™ 
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es. 
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Let AB be the radius of the first given curve and OC the radius 
of the second. 

Draw HF parallel with KT and distant from it fay the length of 
the radius AB, and with the center O dtaw the circle with the radius 
OE = OC - AB. 

From problem 16 figure a curve tangent to HF through A and 

langent to the circle whose radius is OE, «■ 

R-QT -QC -QE+ AB 
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i8. (Fig. 3o) To pass & line tangent to two given circles- 




Given the radii R and r, the distance EF, and the angles FKA 
and EFB. 

Figure AB and the angles EAB and FBA. 
AC -R-r 



CD'CB ^ ABcos. ABC 
CAE^go"- ABC - EAB 
DBF = 90° + ABG - FBA 




Let R and P be the radii of the two curves whose position is fixed. 
Figure the distance AB between centers. 
Let J be the radius of the third curve. 

OA ^s- R 

OB-i- P 
Fiom the three sides given figure the angles in the triangle OAB. 
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were convex to the other curves the sides 
- fi. I + P, and AB. II it were concave 
■e of radius R and convex to the curve of radius P the sides 
of the triangle would he s — R, s + P, and AB. 

30. (Fig. 33) To pass a circular curve tangent to a given curve at a 
given point on its circumference and tangent to another given curve. 




Let Z* be the point on the curve ot radius P, let i? be the radius 
of the other fixed curve, and a ~ AB, the distance between centers 
and let x be the radius of the required curve. 
Figure the angle B = 180° - ABP. 
Case i. (Fig. ai) In triangle AOB 

AO'~ AB'-f-oF'- a ^B X OB X cos ABO 
or {X - R)' = a'+ix- P)' - ^a {x ~ P) cos B 

Reducing, we have 

{a+P-R)(a~P + R) _^ ^ 



«(P^ 



sB) 



Case a. (Fig. 23) If the third curve were con\ 
curves, by the same method, 

_ (a + P- R) (a- P + R) 



a the t' 



c.Googk' 
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2 (S + P + o cos B) "*■ 




(a+ R + P) (Ji + f - a) 
i(R + P- acoaB) 



c. Google 




In laying out t) 
and GH ^HE a. 
&guic them. 



s and FH - FC + CH. 



CD - CF 



- FD 



BE^DH + HE 
In a similar manner, by combining Ihe common tangents witli the 
taneents of a Ihird curve the common tangents of these curves may 
be found. 

22. Given the angles O and Q, the deflection angle D, the radius 
R, and the common tangent CD, to fiod the radius P and the cc 
tangent DE. 

,\FD^ CD- R Ian J O 



&FDH 



[fh ^ 



FD 



inD 
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23. (Fig. 26) Given the angles O, Q, and D, the radius R, and 
the common t&ngent DE, to find the radius P and the c 

gent CD. 




HCFQ 


CG 
FG 


- 3 Jf 
= CG 


sin 10 
in 10 




P 


_FE 


-FG 
iQ 


nd CD proceed 


as in 


proble 


m 21, or 


CD^PD\ 


Rs 


niO 


osec{I> 



Tof _ 

- 1 Q) sin iD 

»4. (Same figure.) Given the angles O, Q, and E> and the Ci 
non tangents CD and DE, to find the radii R and /*. 
Find fZ> and FE as in problem 23. 

CF -^CD - FD 



\CG - 



CF 



tin (D- hQ) 
linJO 
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35- (Fig- 37) Given the radii J? and J*, the angle D, rad the com- 
mon langent DE, lo find the angles O and Q and the common 

tangent CD. 




= BG-Pc 


osD + Dfi 


- P sin D - 


DEcoiD 


-R- P 




'^R-FC 





CD = DG+ FB - DG+ AB sin O 
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i6. (Fig. a8) Given the radii ff and P, the angle D, and the 
common tangent CD, to find the angles O and Q and the c 
tangent DE. 




AG = CD sin D + RcoaD 
CD = ff sin D - CD cos D 
AF - /IG - P 
XB = J? - P 

DE = GD - EG= CD - AB si 



c. Google 




SG" FC- DE 



c.Googlu 



RAILWAY SPECIAL WORK 




Fig. 30 

GF - FE ^ P tan i D 
CH = FD- DE- FE 
CH "CD- GF 



1;. Google 



'9- (Pfe- 31) Given the common tangents CD - DE, the angle D, 
tlie radii R — R', and tbe distance GD, to find the radius F and 
the angles O and Q. 




FGD = gd> 
GFD - i D 
PC - GD <M.. \ D 
CF - CD -CD cosecJD 
Having the common tangents CF and FC, the angles CFD and 
the radius R, figure by problem 17 tbe radius P and the angles O 
and 1 Q. 

30. (Same figure.) Given tbe radii R - ff', the angles O - 0<, 
Q and D, and the distance DG, to find the radius P and the com- 
mon tangents CD — DE. 

GFD - i D 
PD >- GD cosec J O 
FG - GD cot J £1 
Having the angles O, i Q, and GFD, the radius Ji, and the com- 
mon tangent PG, figure by problem 23 the radius P and CF. 
CP + PD ~ common tangent CD 
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Fio. 3a 

CJ = JF = GK ^ KE = R Utn i O 

FH ^ HC - F tani Q 

JH ^JF+ FH 
HJD = O 
HDJ = 9rf> - 1 D 



AFHDJD = 



JH 



3S (1 O - O) 



t. (Fig. 3a) Given the common tangents CD - DE, Ihe radii 
R', and the angles O = O', Q and D, to find the radius P. 
CJ - fl tan 1 O 
DJ = CD^CJ 
HJD -O 
HDJ - gcP - J Z) 

DHJ = 180= - O - (90" - i O) - 90° + i Z) - O 
JPcosjiJ 
•'^-cos(iO-O) 
ri? - JH - CJ 
P = FHcotiQ 
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AG = R - FD SI 
GC - ED + FD o 



O = CAE - BAG 
Q - i8o° - ABC 
C - O - CO + Q) 
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34- (Fig. 34) Giver 
D and Q, and the radii P and 5, 
O and C. 




Let EH - P, H/ - P - 5 and EHJ = Q. 
JL ^ EG + {P - S) s[n g 
CL = GC - ys: = GC - (P -(P - 5) cos Q) 
In Ihe polygon JHABCJ, since /ff = BC, AH = ^B, and EH/ 
= Q, a line bisecting O must be at right angles with JC. As JL is 
»t right ac^les with AE, CJL = \ O. 



niO = 



C-D- {O -VQ) 
BM ^ EC - (P - S) sin {O + O) 
fi - P + BAf coscc O 



c. Google 
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CLEARAHCE 

The term clearance means that much distance between the rail 
and any obstruction, such as a manhole or a building, as may be 
required. Problem 16 is a good illustration of a clearance case in 
which A is the center of a manhole cover, KD the center of main 
line, and CK the center line of another curved track coming into the 
main track, where it is desired to keep the manhole cover in the middle 
of the track. Problem 11 aSords another case where C Is the comer 
of a building, AJi the center line Of track, and BC the amount of 
clearance from the corner of the building to the center line of a 
branch-oS track. C£ includes the overhang of the car plug half 
the gage, plus the amount of clearance from the side of the car to 
the comer. Problem 10 can be used where it b required to tun 
a branch-off clearing two manhole coveis, D and C being the centers 
of the manholes. Problem 15 is a similar case. 

Problem 17 is a case where the brancbnoff is to clear a point at A 
and connect with the curve whose center is O or where the points 
A aod O are to be cleared by the distances AS and OC respectively. 
This last case illustrates the method of first figuring the curve to 
run through the points to be cleared and then adding the amount of 
clearance on to the radius of the curve found. 

Problems 35 and 36 are two more clearance problems worked out 
approximately. 

1 two given curves and 




with the radii OT 



Let O and C be the ci 

and C£ respectively. 

Figure the line A D tangent to the curve at D. 

Using problem 15 figure the radius, if, of a curve passing through 
A and D and tangent to the curve whose center is O. 

In the triangle OCQ, calling OQ - R - OTaxiAQC -R- CE, 
and figuring OC, we may find Uie angles and thus establish the point 



It the difference 
difference to R for 



AE> AD' 



much lo be neglected, add this 
value of R and re-figure the angles. 
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RAILWAY SPECIAL WORK 



J given curves and 



36. (Fig. 36) To pass a curve tangent (> 
approximately tangent to a third given curv 

Let O and C be the 
centers of the first t 
curves and ^ the c 
of the third. 

With O for a 
and radius OB ^ OT- 
AE, draw the ci 
and with C for a 
and radius CD ~ 
AEy draw < 
The problem now re- 
duces itself to problem 
35 with the center of the 
circle, A, as the given 

The required radius is ft + AE. 

If the radius of the middle curve ^£ is longer than the outer curve 
CF, draw the curve al C with radius AE — CF, and figure the large 
curve to run tangent to the side of the curve nearest Q. 

REVERSED CURVES 

37. (Fig. 37) Given the dislance a between two parallel lines and 
the common radius R, to find the ar^le O, and tlw dislance AD. 

OC ^R- 




FiG. 36 



AD = 2RsinO 








r^ 


D_ 




38- (Fig- 37) 
ivenoand/lD, 


C 


"-^/ ■' 


t 
1 


/^-==^ 


find R and 0. ~ 


' / 




E 




-to-ffi 


/ 








R'^i AD 










cosecO 


Fic. 


37 






39- (Fig- 37) Given 


aswlAE, to find R 


0, 


and^D. 




sin J 


O-TH 
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REVERSED CURVES 

40. (Fig. 38) Given a, AB, and R, to find O and radius P. 



W3 

'7~r 



P = /IB sec O - ii 
. (Fig. 38) Given a, R, and P, lo find AB and "D. 
Oi? - fl + P - fl 
^0-^orver.O-^ 
AB - {R + P) sin O 




J? tan i O - .<£ 
Rtaai Q -^ EB 

AB ~ AE + EB - R tan i O + R'^n i Q 

AB ^fl cos » OcQsl p 

tanJO + tanJQ sin J (0 + 0) 



1;. Google 
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43. (Fig. 40) Given the distance, AB, from the P. C. to the P. T. 
of a reversed curve and the angles A and B, to find the common 
radius R and the angles O and Q. 




EB -R sin B 
QE- Rcoi B 
QH~OC+QE 

D = ADO - QOH = QDB 
QH-3RsinD-RcmA + R<xaB 
tin D •'HcoiA + coiB)~coii (A + B)c. 
AB >- AC + CE+ EB ^ RsinA + iR cos 



R-- 



A+s\ 



O- A + gd' - D 

Q ^B + i)o° - D 
44. {Fig. 41) Given the angles^ and B, the radii R and i*, and the 
distance AB from the P. C. at ^ of a reversed curve to any point 
B on tangent line BD, to find the distance BD and angles O and Q. 




cCooi^lu 



REVERSED CURVES 3 

OC -FD -ABainB- Rcos(B- A) 

CB ^ AB cos B + R sia (B - A) 
QF - P - FD 

CD - O /■ - (R + P) COS QOP 
BD -CD- CB 

Q-g^ - QOF 

0~Q+A-B 
45. (F^. 4a) Given AB, from P. C. to P. 7". irf a revei'sed curv 
the angles A and B, and the radius R, to find the radius P and ti 
angles O and Q. 




In A ABO, figure OB - a and ABO. 



In A 008, QO^ = gs* + OB' 
(ii + P)' = P» + o' - a a P cos J. 

(a + JQ (g - Jt) 
2 (P + a cos r) 

In A OQS, sin Q-jt:^ a 



^BO 

QB xOBXo 



c.Googlu 
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TOHGDE SWITCH FECIAL WORK 




find F and fiog distance AF — i. 



Having found d, the arc hF may be found by using slide rule (5). 

This form, known as a plain bianch-ofi, is restricted in actual 
work to a small numtier of^ cases. Manufacturers of special work 
liave certain standard patterns of tongue switches made to certain 
radii. The practice is to compound these standard switches with 
the branch-oH curve; for instance, a 95-ft. branch-off might be com- 
bined with a loo-fl. radius switch. 

Branch-ofis and switches are designated right-band and left-hand 
according to direction of branch-off in leaving the straight track. 

The proper place for the tongue switch is on the inside of the 
curve (at A in the figure); for when the tongue is on the outside, the 
car in taking the switch subjects the tongue to two forces: the weight 
of the car and the centrifugal force developed in the car in passing 
over the curve. When the tongue is on the inside of the curve, the 
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truck-wheels ride the toi^ue only when passing on the straight track, 
and when passing on the curve the centrifugal force is mostly ex- 
pended against the mate, which, being a. solid piece, is more capable 
ot withstanding it. 

The tongue-point is always back of the theoretical switch-point 

. owing to the impracticability of bringing the toneue to an actual 

point. Also, for the reason that proper contact with the main rail 

of the switch must be made, the curve of the tongue is made flatter 

than the radius of Ihe switch. 

When a branch-off runs from one gage on the straight (rack to 
a slightly wider gage on the curve, the difference is taken up in (he 
mate, its spread being made that much less. 

47. (Fig. 44) Given g, R, and P and BOC - O, to find F and 
AF ^d. 




Run the 
with AF. 




CD of radius P \o D 


when go is 


perpen 




DE 
AK 

T- 


-HC-R 


versO-P 

sinO-P 


vers = {fl 

in o-(ie- 


-P) 
P)sir 


versF = 


DK 
F 


or cos i? = 


P - DK 
P 






CQF^ 


F- 
AF 




- 6 -1- P sin 


F or 







- * -I- V{P^ + i g)' - (p. - i g + 0' ■ 

b + V(^ P" + c) (s - 



'. + c) ig-c) y iP. + € 



tan)P = 

VC^ Fo - 
These last two equations are valuable for slide-iule checks. Also, 
almost always, c and b may be found a/ 



a the slide rule. 
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-0. (Fig. 4s) Given g, R, O, and AF = d, to find F and P. 




1, Q - DCF - O 
F - + Q 

P -\CF cosec i g = i CD set DCF cosec } Q 
Vj. {Fig. 46) Given g, 'R. and P, and F, to find O, Q, and .di' - d. 
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EO-r-QD 



d- AF = {R- F)sxaO+ DF 
SO. (Fig. 47) Given g, R, and O, to find AF — d and CF. 




SD - £»C - ^ tan J O 

d -= AF -^ BD + g col 
CF - g cosec O- DC 



c.Googlu 
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• 


7>x. 


» 


/ 


° . y\ 




VjJ^ 




/ 




b 





„ TD 
cosF = — 

AB ^ AD ■¥ S sin F 
T = ¥ - (0+ 0) 
This solution is applicable to any numbcF of compounds between 
B and J^ as in easement curves. In the latter case the co-ordinates 
BG ~ y and CH - x would be given, then, 
ylZ) -y- 5sin (0+ Q) 
TD " S + X - S vfTs (O + Q) 



c. Google 
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OQ ^ R, + 0Q-- 

' = R, then OQF ~ QOF = j f. 

cos 1 F = " 



Fig. 49 

+ Po, OF = J? and QF = i" 



A, 



S3. (Fig. 5°) Given g, R,, P^, and /IB - o 




Fig. so 
tan DOQ - -— ^ 

ifo + F* 

OQ - (Ro + Fo) sec DOQ 
Having three sides given in OQF, figure the angles 
F = i8o° - Oi^G 
O = QOF + /)O0 
Q = OQif - DOQ 



cCooi^lu 



RAILWAY SPECIAL WORK 




finding the froc-angle F and ai . . _ 

from AF for the arc BF. 

Note (he similarity with problem 47 in the preliminary figuring. 

If the arc DF is also compounded make a similar diSerence i 
Band C in the same manner as given above. 
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55. (Fig. S*) Given g, Rtoad P,, O and a, to find f, i^fi, and 




AQ'^a and QAB - O 
AC -a cos o 
QC -a sin O 

QG^OB + QC- R 

cos F -cos GQi' - ^ 
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RAILWAY SPECIAL WORK 
■ (F«- S3) Given g, Ra = Po and a, to find F, O, and Q. 




sin Q - ^ and sin O - -^ 
S7- (F»B- 54) Given ^, R^ F„ and a, to find F, O, and Q. 





B^\ L 






^^^ 






^ / \\ 



Fic. 54 



cCooi^lu 



OQ = QD sec OQD 
In triangle OFQ, having three sides given, %ure the angles 
F ^OFQ 

O = 180" - QOF - OQD 
Q = OQF - OQD 



SPREADS 

S8. {Fig. 55> The spread of a frog is the distance AD or I 
measured from points equidistant from the frog-point. They a 
used for sending into the shop for making up frc^s. 




Fig. 55 

F = BFC = EFA 
a ^ AF = OF ^ BF - CF 
The distance "a" need not he the actual length of the frog-arm. 
Draw GE tangent to the curve at F; the deflection angles be- 
tween Ihe chorda and tangent EFD = GFC = d. 
AFD ^ F - d 
BFD ^ F + d 
AD - la sin i AFD 
BC ^ 2a sin } BFC 
These may be figured on the slide rule for any length of a; hut 
where the spread is always given for three feet the tables will be 

In the deflection table the radius for each charge of one minute 
for i' to 3° 00' is given. In the spread table the angle is given for 
a change of ^ of an inch in the spread. 

Example i. F " 37° j;'- R ~ 47-6'lS- 

37° 15' 

I 48 . . cor. for 47.645 

39 13 . . 2' OiV' spread BC 

35 37 ■ ■ i' 'D* spread AD 



RAILWAY SPECIAL WORK 




ExAUPLE 2. {Fig. 56) cor. for 77.93 — 1° 06" 
Tolal cor. - o 16 




Example 3. (Fig. 37) 



CROSSINGS 

59. (Fig. s8) Given the angle, ACB = O, between the center line 
of the sltaight track and the tangent to the center line of the curved 
track and the radius R, to find the rail lengths between frog-points 
and diagonal lengths. 




WE - y/^- 



ZE 


-V(r 


+ ffl) (r - 


m) 


XD 


-ViR 


+ M) (K 


-M) 


XY 

wz 


- XD 

- WE 


- YD 
-ZE 


-M) 


XW - y/g. 

angles," 


+ {WE- 


XD)' 


zr 


-v^ 


+ {ZE- 


YD)' 


wy 


-Vg' 


+ {WE- 


YD)' 



ising "Table of Right-angled Tri- 



' Vg' + (XD -ZE)' 

In many cases the curves are ao flat tliat there is no appreciable 
difference in length between the chord and arc; if, however, there U 
an appreciable difference it may be found by slide rule from (4). 

For steam railroad crossings the frog-angles are of no value as 
the work is laid out in (he shop from the rail lengths and diagonals; 
but where separate frogs are to be made, the frog-angles are found 



n WOE " - 



WE 



■r tan WOE = 



WE 



-, etc. 



"Right-angled Triangles," referred to above, will be 
lent where the gage is standard or 4.71 feet. The 
table gives a change of each sixteenth of an inch in the hypothenuse 
from 4' 8^* to lo* o*, and a change of a quarter of an inch from 
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lo" o* to (c/ 7}*. The large figures in the columns and the 
small figures in the column at the extreme left are to be taken 
together for the hypothenuse, and the small figures in the columns 
for the base, e.g.. Base = 6.234, gives hypothenuse = 7' 9J'. 
Example: Ro — 5729.655, ACB — 71° 38'. 

1085729.655-3.7581285 Jio-S7ig.655 AfB= 1805.397 
log cos 7i°38' ° 9.4984442 , 2.355 2.355 

M^ - 1805.397 

R - 5732.010 
M -^ 1807.75J 

k« 7S39-7<53 - 3-8773576 r - 5717.300 
' 39»4.»58 - 3-5937575 ^ - 1807.751 

2 )7.4711151 I<« 7535-052 - 3.8770863 

xo - 5439-483 3-7355576 " 3919-548 - 3-59323*^1 

2 )7.4703224 
YO - 5434S20 3.7351613 

R -= S732.0IO r - 5727-3C« 

m ^ 1803.042 »t -^ 1803.042 

l°B 7S35"S2 = 3-877°8'*3 'og - 7530-34i - 3-8768147 

3928.968 = 3^5942786 log - 3924.a58 - 3-593757S 

2 )74713649 2 )7.470572; 

WE - 5441-048 37356825 Z£ - 5436.0S4 3-7352861 

5439-483 5441-048 5441-048 

5434.520 ^436-084 5439-483 

4.963 4.964 1-565 



_ZI'-4'"A' H'r = 8'oA' XZ = ^<^ 

Plot the steam crossing to a large scale from the original data. 
Plot the curved track and the tangents to the rails at each frog-point. 
The plot being given lo the pattern-maker serves for laying out the 
proper bevels for the templates. 

Where a street railway crosses a steam railroad track the rails 
for the street railway are cut to fit the railroad rails, which are not 
cut; therefore, allowances must be made inside the steam railroad 
track for width of flangeway and width of 4iead of guard rail, with 
the allowance for bevel tor the sum of these two widths, and outside 
the steam railroad track allowance is to be made for the riser or third 
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rail with its bevel. The quickest and easiest way of finding these 
bevel distances is to draw lines parallel with the straight rails and 
distant from them Ihe width of the flangeway, plus the width of the 
head of the guard rail and Ihe width of the riser rail, these widths 
being taken full size. Measure the distances on the tangents drawn 
from each of the frc^-poinls from the frog-point to the intersection 
of the tangents with these parallel lines, thus obtaining the bevel 
cut-offs for the street railway rails. 

6o. (Fig. 5g) Two curved tracks crossir^ each other. 

Figure flie distance OQ — a between the centers of the two curves. 




Fic. 59 

In iiOAQ, OA ~.r.QA^ p, and OQ = a. 
pi = r' + o' - I ro cos AOQ 
;,os ^QQ = ^-^+°'^ i'+P)(r-p) i 
!)ut r cos AOQ -^ OE; calling this the abscissa, x, for A we have 



af = 



(f+f){'-f) I 



y~AE~-^^-x''^s/{r+x) (r-x) 
By analogy, the tormulffi tor co-ordinates of B, C, and D: 



Coi... 
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AB - V(i' -x'y + iy- yy, etc. 

If there is any apprecuibte difference in Isngth between the arr 
and chord it may be found from (4). 

In a siraiCar manner to problem $g pbt (he crossing with tangents 
to both curves at each of the frov-points. Draw lines parallel with 
the tangents to the steam railroad track intersecting the tangents to 
the street railway track and measure the cut-offs as before. 

If the frog-angles are required : 

sin OAE - -; cos OAE = 2 
sin QAE - ^-^; cos QAE - ^ 
sin ^ = sin {OAE + QAE) = sin OAE cos QAE + sin QAE cos 






By analogy, 



xy + y (a — x) ay 

■ o "J™ 

■"^-^ 

pie: a ~ 3788,60 R<. - 3819.835. P" - 1146.285 
3819.835 1146.285 

. "-355 ^-355 

R = sSaa.igo P - 1148.640 

»■- 3817-480 f = 1143.930 

log 3788.60 = 3.5784788 
3 " P3°'°3°° 
3.8795088 
colog 2 a — 6.1204913 

r - 3817.48 
p - 1143-93 

kig 49l5i'4r - 3-^56051 I" - 3817-48 

" 3673.55 = 3-4370883 X - 3644.89 

' log 7462.J7 - 3.8728768 

" 173,59 - 3. 33701 s6 
2)6^1058954 
3.0S49163 
tA .. 1134.870 
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r - 3817,48 
P - 1148.64 

log 4966.11 — 3.6960172 r ^ 3817.480 
log 2668.84 = 3.426322s ' - 3'^43'466 
colog 3 a = 6.1104912 log 7460.946 = 3,8717938 

1749.166 3.2428309 log 174.014 — 3.340584 2 
i a - 1894.300 a)!?. J 13378° 

xB = 3643.466 3.0566890 

VB= 1139.434 

R -3823.19 « = 3822.190 

p - 1143-93 a: = 3649639 

tog 4966.13 - 3.6960172 log 747'-829 = 3.8734269 

" 3678.26 = 3.4278527 Ic* 172.551 = 2.2369175 

colog 3 a - 6.1304912 3)6.1103444 

i o - i7SS-33<) 3-»4436ii 3-oS5>7"3 

1894.300 y^ - ii3S'46o 

xi> - 3649.639 

R = 3822.19 

P — 1148.64 R = 3832.190 

log 4970-83 - 3.6964289 X - 3648.31s 

" 2673.5s - 3.4270883 Ic^ 7470-405 = J-873344a 

colog 2 a — 6.i3o49'2 " '73-975 = 3-34048 69 

'7S3-9'5 3-2440084 2 )6.1138311 





i a - 1894.300 
xC - 3648.215 


yC= 1140.038 


3.0569156 


(XA^ 


3644,890 
3643-466 

- xB) _ ,.434 


(xD-xB)~ 6.173 (^- 


3643-466 
-xB)- 4.749 




1 139-434 

1.34-870 

- yA) " 4-564 


wr^ 


"39-4,14 


^yJ,. 


(j,B_yD,_ 3.gj4 (yC- 


-yB)^ 0.594 




1.424' " 3.0378 

4.564' - 20.8301 

23.8579 


6-173' - 38-1059 4-749* - 

3,974" - 15-7927 0.594' = 

53-8986 


22.5530 
■3014 

".8544 - 




JB-4'9S' 


BD - 7' 4i' BC - 4' 


9l' 




3649.639 
3644-890 


3648.315 
3644-890 


^S^:S 



(xD - xA) - 4.74g i^C - ocA) - 3.315 (xD - 

1135.460 1140.028 1140.018 

"34-8 70 ",J4-87o "3S-460 

(yD^yA)^ 0,590 (yC-yA)= 5.158 {yC-yD)- 4.568 
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4.749' - ii-SSS" 3-3^5' = "055^ 
csgO" ° .3481 5.158" - J6.6050 
li.goit 37.6606 

AD - 4' 9A' AC - 6' ij' 

log fl = 3-S7S4788 



CD = 4' 9A' 



s y - 3-0549462 

cologr = 6.4183233 
col<^ p — 6.9416005 
■^ - 79° S5' 'S' = 99932488 
The old method of solving this problem is to figure the angles tram 
three sides given for each frog-point, to subtract successively the 
angles and figure the arcs from these subtractions, and to figure the 
diagonals from two sides and included angle. In most cases the radii 
are so tong as to necessitate looking up angles to tenths or hundredths 
of a second; a much longer process. 

CROSS-OVERS FOR STREET RAILWAYS 

61. (Fig. 60) Cross-over on straight track. Given the common 
radius, Ro, the distance between track centers, o, and the length 
of cross-over, -4S = 6, to find the angle O and the distance DE. 
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/L 




/r 




! 


ty^ 






y/ 






V . 





Fig. 60 




OC - h, and QC - 


2R^-a 






^.nOQC^^^ 


2 Ro- a 


OF = iOQ-iQCs, 


xOQC 






™«"'-gf 




DE'^ sQFs 


nEQF 


O-OQC- 


EQF 
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SI 



63. (Fig. 61) Cross-over on plain curve. Given the radius of the 
main curve, Ra, the distance between track centers, o, the radius 
of the switching curves, Fo, and the angle, Q, of one of the switching 
curves, to find the other switching curve angle, T, the distance BC, 
and the aitnle O. 



«<:' 




Fig. 61 



w TB parallel with BC. 

OE = OQ - QE ^ R, + F0 - 
OT ^ Ra + a - Pc 
OET ~ ga- + Q 



nOTE^ 



'^OE 



BC - TF - TE ~ 2 Po tan Q 
If r ia given in place of Q, draw GQ parallel with BC. 

OG = OA - AT + TG ^ R„+ a- P0+ I P.r sec T 
OG = ffa + Pa 

OCQ = 90° - r 



in OQG = 



OG 



OQ 
Q - OQG - go" 

CQ. ^.i.O 

BC - HQ = GQ - 2 . 
It O is given in place of Q 01 
OQ" Ro+ Po 
OT ~ Ra+ a- 1 
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In (Fig. 6i)4 0gj', having Og,Or, and O, figure Qr and TQO. 



Q = TQO - TQF 
T = + Q 
63. (F^. 61) Cross-over from the inside track of a c 
tangent. 




Fig. 62 

Given the radius of the main curve, Ro, the radius of the switch- 
ing curves, Pg, the distance between track centers, a, the ai^le. Q, 
of one of the switching curves, and the distance, AF, on the tangent, 
from the point of switch to the P. C. of the main curve, to find the 
other switching curve angle, T, the distance CD, and the angle O. 

Draw HT parallel with CD. 



n AOT - - 



AF 



Ro+ a- Pg 
OT ~ (,R„+ a- Fo) sec AOT 
OH ~ OQ - QH ~ Re+ Pe- 3 PesecQ 
OHT - 90° -H 

r = grf'- HTO~ AOT 
^ T- Q 



n HTO = - 



f-OH 



HT=- 



OT 



CD - JT - HT 



TOH 



..Gooylt^ 
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o 


b given! 


n place of AF, 






r. 

OH -• 
OHT- 
HKO 

HK- 


-0 + Q 


lU + F., 




OK > 


-.^-e 





KL-OA - AL- OK- R,+ a-Po-OK 

AF - LT - KL cot 7" 
CD - JT - HT - HJ =■ HK + KLcoaecT.- a Patau Q 

If O and -4i=" are given in place of Q and T, 
OT ~{Ro + a~ Pa) sec AOT 



QT 
-JT-a 
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Fig. 63 

Given the Tadius of the main curve, Ro, the radius of the switch- 
ing curves, Ps, the distance between track centers, a, the angle, 7*, 
of one of the switching curves and the distance, FC, on the tangent 
from the point of switch to the P. C. of the main curve, to find the 
Other switching curve angle, Q, the distance AJ, and the angle O. 
Draw QC parallel with AJ, and DC perpendicular to OF. 
DC ~FC 
ECD - T 
DE = DClan r 
EC - DC sec T 
TC " 3 Pa sec T 
BC = 2 P, tan T 
OE- IU + Ps- TC + DE 
OQ~RfV a- P, 
QEO = 90= + r 

^nOQE-^^OE 

O = 90? - OQE 



AJ "QB -QE + EC- 
HO is given in place of FG, 



00 - a. + a - P, 



cCooi^lu 
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rc - 3 Po sec r 

BC - 2 p. Un r 
DE-TC+ OE- R,- Ft 
FG ~ DC - DE cot Q 
EC -DE cosec T 
AJ ~QB -QE+ EC- BC 
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S6 

(>5- (^>S' 64) Cross-over on a compound curve. 

Given the radii of the compound curves, OL = So and TE — Ho, 
the radii of the switching curves, Pa, the distance between track 
centers, a, the switching curve aufle, Q, and the angle, T, to find tlie 
other snitching curve angle, H, Uie distance BC, and the angle O. 




; OF, and 
Pc, figure 



FiC, 64 

Draw HF parallel with BC. 

QF ~ 3 P, sec Q 

GF -^ iP.taaQ 

TF = Ro+ Pa- QP 
In A OTF, having T, TF, ando OT " So — Ra, fig 

HFO ^go" + Q + TFO 
In A OHF, having OF, HFO, and Oi?.= Sa+ a 
HF, HOF, and /•HO. 

BC - HG- HF- CF 
H ^qo° - FHO 
O = H -Q- T 
If O is given in place of T, 

QF " 3 PesecQ 
GF ^ 2FotanQ 
TF = Ra+ Po- QF 
In A HTO. having O, HO ^ So + d ~ Pa a.nd OT =■ So - Rg, 
figure HT and OHT. 

HFT -go" + Q 
In A HTF, having H^Fr, Tf , and HT, figure IfF, J'HT, and 
HTF. 

BC - HG - HF - CF ,- , 
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H - 90° - FHT - OHT 
T'^H - O - Q 
a O and r are given in place of Q and H. 

In A OHT, having O, OH - J» + fl - fa and OT ^ S^ ^ Ra, 
figure HT, and if rO. 

HTQ = iSo" + r - Hro 
In A Hrp, having i^rQ, HT, and TQ - i?o + Po, figure QH, 
and iTQF. 

BC = ifC = 2 Po tan HQG 
Q - HQT - HQG 
H=^T + + Q 
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FlO. 6s 

The throw of a split switch is the distance, /IS, at its heel between 
the gage lines of the main rail and switch rail. The throw varies 
with different makers from five to six inches; in the table the throw 
b taken as five and one-quarter inches. The toe of a switch-point 
is not brought lo a true point, but is left blunt; in the table this is 
taken as one-quarter inch. Split-switch points are usually fifteen 
feet long, and are so considered in the table. Owing to the blunt- 
ceGS of the toe the theoretical switch-point, c, is ahead of the toe, 
varyiruf with the length of the switch-point, its throw, and the blunt- 
oess of the toe. It is at the theoretical switch-point, C, in the figure, 
that the main rail b bent at an angle, making CC parallel with EB. 

The switch-angle b the angle whose sine is the throw divided by 
the theoretical switch length. As split-switch points are made from 
tee-rail planed to fit the main rail, and as sufficient amount of the 






t with the rail when being ridden over, they 
urved to fit a curved track; thus the swilch-angle and throw 
me for similar switch-points whether on straight or curved 
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the switch-points, it makes an angle of ninety degrees minus the 
switch-angle with the main track, thus throwing the toe at F further 
away from the theoretical switch-point E than C is from D by 



bluntness of point being i" the theoretical switch-point is ahead of 
the actual switch-point by 15 X 12 X i -^ S — 9*, considered at 
the center between traclis. The switch-angle is the angle whose 
sine is jj* ■;■ (15 X 13 + 9) — 1" 36' approximately. Tliis angle, 
1° 36', IS taken as the switch-angle in the table. 'The gage being 
taken as 4.71 and the switch-angle as 1° 36', make a diSerence 
between EF and CD of ij*, which makes EF - 9JJ', and CD = 
8A'. 

Standard frogs are assigned numbers corresponding to tl 
ber of times the spread is contained in the distance from I 
point to the middle of the spread. 

To find the angle of a frog whose number is given, take twice the 
angle whose cotangent is twice the frog-number. The length of 
frog-arm is determined by the amount of clearance necessary between 
the angle-bar fish-plates for bolting the frog to the main rail. 

For A.S.C.E. Section 75 lb. tee rail, and for smaller sections: 






Arm Length 


Limit for 


OuleiAnn 


UmilfortmieiAcni 


2' 6* 


3'° 


0' 


16° & 


3' ^ 


34° 


o- 


12" C/ 


3' 6' 


19° 


o" 


9° 40' 


4' o- 


r6" 


0' 


8° 0' 


4' &• 


13° 


40- 


f o- 


5' o- 


12" 


0' 


6" o- 


6' 0' 


9" 


3°' 


4° 5°' 


7' 0' 


8" 


</ 




9- o* 


6' 


of 




lo" 0' 


5° 


so- 





In split-switch branch-ofis, as the smaller the frog-angle becomes 
the greater the radius of the btanch-ofi becomes; and, as the smaller 
the frog-angle becomes, the greater the length of frog-arm becomes, 
the ratio 01 the length of frog-arm to the radius of the branch-oS 
curve is almost a constant quantity, and the ordinate from the frog- 
point to a line stretched from the ends of the frog-arms on a frog 
whose arms have been bent to conform with the curve of the branch- 
off is nearly one-quarter inch. If a branch-off is figured to run 
through the frog-point and a straight-armed frog is used, the frog- 
point wilt be too near the opposite rail by one-quarter inch, in just 
the position to catch the hammering from the passing train. For 
this reason, and from the fact that the curve beyond the tiog, when 
such a curve occurs, is rarely of the same radius as the branch-oS 
curve, the modern practice is to stop the branch-off curve at the end 
of the frog-arm as shown in the following figure; 
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CR. 


Degm 
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A 


Ft.to!i6's 


C 


FL In. .6's 


Fl. In. ly. 


u 


14° IS' 


iifii 


51° oa' 


4"." 


^s- 8 


^ 


3'=' 


•■rj 
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ti' 
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Fig. 67 

Let S •• switch-angle, ( — throw, / = JB, the theoretical length 
of outer switch-point, and If = AH, the theoretical length of inner 
awitch-point. 

GB ^ R sin S 

LC ^t~ RversS 
OK = R + LC- g 



AF - FK - CB + I 
HF ^ AF - e 

If the chord, BP, is given in place of R, 

sin BFH - '-^' 

BFH - DFH - DFB '=F-\(F-S) = \(F-f-S) 
F-2 BFH - S 
R = i BF cosec i {F - S) 
This problem is convenient where full length rails are to be used 
for leads. 

67. {Fig. 67) Given the frog-angle, switch, etc., to find the radius 
and leads. 

By the last problem, BFH '^ i (F + S). 
i-l 



BF - -. 



HF+S) 
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a Bin i (P + -S) sin i (P - 


-S) 


cosS-casF 
AF - R (sin P - sin S) + i 
HF - AF- e 






Hi? - fi (sin i? - MB 5) + 6 + / - r 
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Fig, 69 

s of the track, F the (rog-angle, and FP" the 



a = CF' ~ FF' si 
6 = CF - FJ" CO 
Bin FOC = J 



F - — {slide rule) 



F ~F - FOC 
„ = OB -r + I 
k-OF' -R- a 
OBQ - iSo" - S 
OF'Q = 180° - r' 
In i OBQ, OQ' = /^ + «' - 3 /"w cos OBQ. 
In d OF'Q. OQ" -i^+f-iPicos Off. 
Equating the values of OQ' and rememberir^ that ci 

T ^' - "»■ (^ + m)(k- 

2 (m cos S - k cos F") I {m cos S - i 
Substituting the values of m lUld it. 
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(S.-' 


j+Oco. 


iS-(, 


OQB 




iS 




F+ m 
tsin 


cos J 




IS? 


P + k' 
- OOF' - 
^F-S 






K DE 


-r + L 


«(slM.r 


ul.) 


ixcDF 


- arc D£ + R arc 


:BOF' 



When a minus value is obtained for P in the equation, the ci 
of both curves are on the same side of the main track and in 
of P the value of ^ is obtained. 
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70. (Fig. 70) When the frog is in the inside rail of the ir 




-DP ^ FF' cos F and a = DF" - FF' s 



OBQ^S 
OF'Q = F' 
In A OBQ, OQ' = P' + m' - 
In a OF-Q, OQ' ^ P' + k'- 



(" + k)im- k) 



^i;,„,,ic 
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71. (Fig. 71) Given the radius and arc of a curve, the switch, 
trt^, etc., to run a branch-off with the frog on the tangent, the critical 
switch-point being on the outer rail of the curve. 




Fig. 71 

Let COA — O be the angle of the given arc, Ro the ladius of the 
curve, Po the radius of the bianch-off, F the tmg, and DF the 
required distance on (he tangent to lix the fmg-poinl. 
b^ FH '-FF' C03F 
a - P'H - FF' sin F 
BQF' = + F - S 
arc AOB = ^ 

BOE - O - AOB 
£G - (r - o) tan BOE 
BC - R- t- (r + a)xc BOE 
BP'G =F - i BQF' ^i (F + S - O} 
BGF' ^gd' + BOE 



BF' = 



BC 

1 bf-g' 



a BGF' 



P ^i BF' c 

If the distance, DF, is giver 

m^OB ^ 



^HO + F-S) 

n place of the angle O, 



4 = OF' - (r + a) see EOF- 
OBQ -S 
QF-O » J? - EOF' 
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In A OBQ, OQ' = P' + n^ - 2 Pm cos S. 
In A OQF', OQ'- P'+ k'- iFkcos QF'O. 
(m-\-k)(m-k) 



tan QOB = „_ p^^s 

BOF - QOF- - QOB 

arc AOB - ^ 

O - AOC = AOB + BOF' - EOF" 
BQF' = + P- S 
73. (F^. 73) Given the radius of a curve and the distance from 
the point of switch on the tangent to the P. C. of the curve, to run 
a. branch-oS with the frog on the inside rail of curve. 




' 


% 




Fig. ; 




b-EF ^FF' 


osF 


a-^EF' ^FF' 


iaF + 


.rnEOF^'- 




F' ^QF'O 

„,oc-ff 

OBQ -S + 


^ F- 
i 
t 
OC 


EOF 
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xBOC 


4 QBO, OQ'^ ^+m'- tPnc 
A QF'O, OQ''I» + 1^- ^Pk<^ 


ysOBQ. 


(-»+*) (m 


-*) 


^ M"» cos OBQ - 


cosf) 


P^^^OBO 




^'•'^^^^„,-P^,QBO 




t^^nOOf.'T''', 





COF - QOF' - QOB - BOC + EOF 
BQF' = F' - S+ COF 
If the angle DOF = O is given in place of AC, 
b - BF ^ FF' cos F 

IP 
Q = EF' = FF' sin f + — 



F' = QF'O - F - EOF 
BOF" ^F' - S+ O 

BG = J - t - o + (r + a) vers (O - EOF) 

BC 

a sin i {-S + f + O - EOF) sin i (S - F' - O +EOF'} 
GF' -P [sin 10 + F- EOF) - sin 5] 
IJF' = (r + a) sin (F - EOF) 
AC-GF' -DF' + I 
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73' {^iS- 73) Given the radius of a curve and lis angle, switch, 
frog, etc., lo run a branch-off with the frtw on the tangent, the crit- 
ical switch-point being on ■■■ - ' — ■' 




Fig. 73 

Let AOC — O be the (jiven angle, Ro the radius the given c 
and Po the radius of the branch-off. 

b~ DF ^ FF- coiF 
a - DF' - FF' sin F 
BQF' ^ F ~ S-0 
arc AOB ~^ ' 



BOB - - AOB 
CH = {R- a) lir, BOB 
OG -^ l^R - a) sec BOB 
BG^OG-T + l 

F-G^F-I, BQF' = ^^^ 


ZO 


GF' - 90" - BOB 
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If a minua value of BQF" is obtained, Ihc centers of both cuivea 
are on the same side of the track and the value of p in place of P b 
obtained. 

If the distance EF is given in place of the angle O, 



tan EOF' 


R- 


-^ 






k 


-OF' ■ 


. (R- 


-a)« 


^EOF' 




= OB- 


:r+ t 






QBO 


= iSrf*- 


-S 






QF-O 


= 180" - 


- F - 


£0f 


'-iSrf' 


In A OBQ, OQ' - 


- F' + t 


»»+ a 


P«c 


OS 5. 


In i OF-Q, OQ' -- 


^I»+ I 


!"+ 3 


PA CO 


si**. 




(k + 


f») {* 


:- m) 






3 («co 


sS- 


A cos 


^ 


tan OQB - 


msii 


i5 






P + m 


cos 5 








k sin 


J^ 






lan OQF' - 


/* + Ao 


?77^ 







AOC -F - BQF' - S 
nus value of P is obtained, Ihe centers of both curves are 
me side of the track and the value of f in place of P Is 
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74. (Fig. 74) Givea the radius of a curve and the distance from 
the point of swilch on the tangent lo the P. C. of the curve, to niQ a 
branch-ofl with the frog on the outside of the curve. 

Given A,, AC, etc. 




Fig. 74 




b~CF- FF- cos F 




a-CF-" FF' sin F 


M 


sir. GOi'^^ 




F' ^ F- GOF 
QF'O - i8d» - F' 




m _ OS - (r + () sec 

k-OF' ~R-a 

OBQ - iSo" - S+ BOC 


BOC 

= 180' 


In A OBQ, OQ' - i- + «' + 2 Pm 
In A OF'Q, OQ' ^ F' ^^ k' + 2 Pk (. 


-osB. 

osr. 


„ (* + m) (A - 


m) 


^ - M". CO. B - * c 
. P sin B 


DSf) 
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""■^"^ - k+kcOBF' 

COP - QOF' - QOB - BOC 
BQF' =■ F - S- COF 
If a minus value of P is obtained, the centers of both curves tie on 
the same side of the track and the value of p in place of i* is found. 
If the angle COF — O is given in place of the distance AC, 
BQF' ^ F' - S~ COF 

BE- g-a- t- (R- a)ven COF 
B£ - P [cos (i^ - COF) - cos S] 
„ BE 



2 sin 1 (J" - O + 5) sin i (J^ - O - S) 
-4C = i + P sin (F' ~0)- P sinS- (ff - o) sin O 
^ 1+ 3 P sin i (F' + O- S) cos HF- + + S)^ 
(R- a) sin O 
If a minus value of BQF' is obtained, the centers of both curves 
lie on the same side of the track and the value of f in place of i* is 
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73. (Fig. 75) Given the radii Ri and Kt of a compound curve and 
the angle or arc of one curve fixing the point of switch, to run a 
branch-off with the frog on the inside rail of the other curve; the 
switch, frog, etc., being given. Let ATC — The the angle given. 




n FOF' - - 

F' - OFQ ^ F - FOF" 
oATB^i 



In A TBO, having TB = R 
figure m = OB, BOC, and TBO. 

B - QBO ~S+ TBO 



TO~Ro- Ko and BTC, 



(» + «)(«- 


«) 


. (« CM 3 - » 

PsinB 


■o.*') 
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tan QOi^^ ^^p^^ 

COF - QOF' - QOB - BOC + FOf 
BQF" - F + COF + ATC ~ S 
If the angle O in place of 2* is given. 

In the 4 TOF', having TO = ^o - Ko, OF' - X + «, and 
COf = i' - FOF', find n - rj", OF'T. and Ori''. 
QifT = F' + OF'T 

m~ TB =' R- t 
QBT "S 
In 4 QBT. QT' - F' + m' - t Pm cos S. 
In A OFT, QV '-P' + a'- aPn cos O-PT. 
p (m + h) (m - «) 

a(meos5-ncoa QfT 

tan QTB ■= - 



tan^ri!^. 



IB - P cos 5 

P sin OFT 
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76. (F^. 76) Given (he radii Ro and Ko of a compound e 
the angle, ATC, of one curve, filing the point of switch, 
branch-off with the iiog on the outside rail of the other cu 
switch, itog, etc., being given. 




6 - FF' c 
a- FF' s 



QBO - j8o° - S + TBO - if 
QF'O = 180° - F + FOF' '^ I 
„ = Of ' = « - a 



f- 1, and ere - 
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(m + «)(«- 


-») 


.(.ccf'-- 


CO.B) 


nnn ' "'" " 




2°" ' - + P CO. s 




OOP. '■"'•_. 





COi' = gOJ?' - QOB - BOC + FOF* 
BQF' - F - S- ATC - COF 
If a, minus value for P is obtained, the centers of all curve 
the same side of the track and the value of f in place of P l 
If the angle COF -Oh given in place of T. 
In the i OTF', having OT - K6 - RS, OF' - R- 
COF' - f - FOF", find « - TF', OTF', and OF'T. 
m^ TB ^k + t 
QBT - 180= - 5 

QF'T - 180° - F + OF'T - 180° -•F' 
In A QTB, QT' - i^ + W - 3 fm cos QBT. 
In A QTF', QV ^P^ + n>- 3 Fnca& QF'T. 
{n + m) (» - m) 



I (m cos S - » 
PsinS 


»F) 


m + P cos 5 
P sin F' 





iirc - QrJ" - QTB - OTF' + ATB 

BQF* - F - S- ATB - COP 
ninus value for P is obtained, the centers of all curves are od 
le side of the Crack and in place of P the value ot p is found. 
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RAILWAY SPECIAL WORK 



SPLIT-SWITCH CROSS-OVERS 




AC ~ AB - CB ~ a 
AC a-t 

^^^'^^ sin 

CD = FE + GC 
78. (Fig. 78) Cross-over on a plain 




Fro. 78 
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77 



Given Re, a, g, and Ihe frog-angles F and G. 
CF is the frc^-arm at F produced and BC is a line parallel with 
the (tog-arm at G and distant from it by the gi^e. 

Draw FQ and GQ perpendicular to the other two frog-arms. 
Through B, where Ihe line GO intersects the line BC,draw3ie line 
OA. 

AB~ g cos G 
m-OB -R-\- a- gcasG 
x-BC-CP 
CFO = qo= -H f 
CBO - 90° - C 
In A OBC, Oa-m' + )i^- 2 mx cos CBO. 
In A OFC, Oa=-IP + 3?-3Rx coi CFO. 
(m + R)(v,-S) 
3 (fi sin f -1- «. sin G) 



R + xsinF 
BOF ~ BOC + COF 
BQF - BOF + F- G 
Having the tangents BC = CF - x, and the angle BQF, subtrarl 
from the tangent the length of the longer (either oi F t>' G) outer 
fmg-arm and figure the radius. 
UF-G 



a BOC - Ian COF - ^-— 
BQF - BOF = 2 BOC 
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78 RAILWAY SPECIAL WORK. 

79- (F^- 79) Cross-over from a fixed frog on a curve to a tangent. 




Fig. 79 

Given ^0, a. g, GOE — O, and the fri^-an|{les F — C. 

Produce the frog-arm FD and draw AD parallel wilh (he fn^j-arm 
at C and distant from it by the gage. Draw FQ and CQ perpen- 
dirular to the other two frog-arms. Through the point A, where 
Ihe line QC intersects the line AD, draw OG. Produce PE to B. 



OB ^ R sec O 
AB - OA - OB 
ADF = 180° - O 
OBF - 90° - O 
OAF = grf* - (i O + F) 
AFB = AFD - BFD ^ k O - F 

sin OAF ^ ^ cos (i O -H JQ 
a AFB ^ 



AF^AB- 
DF ^ AD ^ 



AF 



(hO-F) 



sJO 



EF = BF-BE- AF '^^ p' ' - « tan O 

Figure a curve tangent to AD and DF, subtracting the length of 
the outer frog-arm from AD or DF. 

If the distance EF is given in place of the angle O, 
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X- AD = DF 
DFO = gcP - EOF + F 
DAO = 90" - F 
OD' - »;» + m' - 2 m* cos ZJ^O = «> + n» - 3 b« cos DFO 
("■ +»)(».- «) 
2 (m sin i*' - B sin DFO) 
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RAILWAY SPECIAL WORK 

a compound curve. 
1, g, the frogs F and G, and the angle COE — O. 
Draw CF, CB, QF, QG, and TD as in the last problem. 




x = BC ^CF 
OB = P + a-g cos G 
OT -^ P„- R^ 
In A OBT, having OB, OT, and O, figure m = TB, OBT, and 
BTE. 

CBT^go" - {G+ OBT) 
OFT - 90° + F 
TC = *> + m" - 3 flw cos CBT - jfi + R* - 2 Rx ax. CFT 





«-\- R)(m- R) 




2(m 


cos CBT + R sin 


^ 


I 


sin CBT- 




m- 


X cos CBr 




^ 


•osF 





Eri? = BrC + CTF - BTE 

BQF - O + ETF + F -G 
e tangent to BC and CF, subtracting the length of 
-m from BC or CF. 
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WYE PROBLEMS 



WYE PROBLEMS 



Si. (Fig. 8i) Given the ihree radii of a wye, the two frc^ and 
the distance between centers of the two main tracks, to find the 
position of the frogs and length of arc of the third curve. 




Let Ro and Kn be the radii of the two i 
radius of the third curve. 

Let F and C be the two frogs with arms 
the distance between centers of the two mai 

b - PP" cos F 

« - Fi^ sin f + 
y - CC cos C 
a- - GC sin G + 

OF' = fl + a 
TC ^ K + a' 
sin FOF- = -I 



lin curves, and Pa the 

'F' and GG\ and OT 



In A OQT, having OQ, TO, and OT, figi 
TQO. 

TOF = QOT - OOF' + FOF' 
OTG - OTQ - QTG' + GTC 
F'QC' = OQT - OQF' - TQC" 



OQ. aQP". 
TQ, TQC, 
QOT, OTQ, and 
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82 RAILWAY SPECTAL WORK 

8z. (Fw- 8i) Given the radii of the two main curves, the distance 
bettceen their centers, the two frogs, and Ihe location of one frog, to 
find the radius and ate of Ihe third curve and the location of the 
second frog. 

I^t the angle TOP fii the location of the frog F. Find, as in 
the last problem, OF", FOF', TC = it and GT(P. 
TOF' = TOF - FOF' 
In A TOF-, having OF', OT, and TOF', figure FT - m, F'TO 
and OF'T. 

QC'T " 180"- G - GTC 
QF'T - 180° - OF'T + F+ FOF' 
In A QF'T. Q'n = P* + m> - 2 Pm cos QF'T. 
In A QG'T, or" - P' + B" - I Pn cos QG'T. 



■P-- 



2(n 



^ n+ F cos QG'T 
OTG = F'TQ - G'TQ + GTG' + FT'O 
F'QG' - 180° - (F + C + TOF + OTG) 

TRAHSITIOH CURVES 

The only transition curve that can be used to advantage in special 
work made up in the shop is the spiral, which is composed of a series 
of circular arcs of equal lengths but of varying radii, the second 
radius being one-half of the length of Ihe first, the third being one- 
third of the first radius, etc. This spiral closely approximates Che 
cubic parabola which, as shown by Prof. C. F. Allen, in his "Rail- 
road Curves and Earthwork," in turn approximates all other, transi- 
tion curvfa in common use. This spiral, then, may be used to 
replace other transition curves. 

The formula for the co-ordinates of any P. C. C. in the spiral, 
letting the origin be al the P. C. and letting x' and / represent the 
co-ordinates of the preceding P. C. C, R Ihe radius of the arc under 
■" "■" ^ the angle of this arc, 6 the total angle, including P; arc; 
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TRANSITION CURVES 





:!Ug 


X'- AC 
y-AB 




Long tangent — y — « cot fl = BJ 
Short tangent = x cosec 8 '^ IC 




>eflection angle = tan-i - — CBA 




Long Chord - y sec CBA - BC 
Offset, a - a; - r vers fl ■ = DE 
Set-back, h-y-raaS-BD 





The table for transition curves has been arranged for spirals, having 
initial arcs of lo', 20', and 30*; thb allows for a choice of spirals, for, 
where the ten-minute transition gives the arcs too small the second 
or third may be taken. Where the initial radius is 1000 feet the 
first spiral gives arcs about three feet king; this is about the smallest 
length that should ever be used. 

The value of the initial radius, R, havine been obtained or assumed, 
the logs of X, y, long tangent, etc., may be readily obtained by add- 
ii^ kw ^ to each of the kigarilhms given in the columns. If r is 
the radius of the main curve, there being no other condition imposed, 
and it is desired to make a transition of n arcs: Jf = (n + i) r, and 
log a and log b may be found by adding log r (o log - and to log - 
given on the line of n in the table. 



substituting — fi 



In the column —of the desired transition find the nearest value 

for log a — log I-. On the same line find 9 and log — . Using 
these values in the last equation the value of ii is obtained. Ex- 
Given T — 135.00, a — 0.43. 

log o.« " 9-6l,1468S 
log 115.00 = 2.0969100 

7-531*5585 



ion we find log - - 7.53081^ 
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